WO 02/18513 Al

(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

(19) World Intellectual Property Organization
International Bureau

(43) International Publication Date
7 March 2002 (07.03.2002)

(10) International Publication Number

WO 02/18513 Al

(51) International Patent Classification’: CO09K 11/06,
HO5B 33/14
(21) International Application Number: PCT/GB01/00852

(22) International Filing Date: 28 February 2001 (28.02.2001)

(25) Filing Language: English

(26) Publication Language: English

(30) Priority Data:
PCT/GB00/03349 30 August 2000 (30.08.2000) GB

(71) Applicant (for all designated States except US): CAM-
BRIDGE DISPLAY TECHNOLOGY LIMITED
[GB/GB]; Greenwich House, Madingley Rise, Madingley

Road, Cambridge CB3 OHJ (GB).

(72)
(75

Inventors; and

Inventors/Applicants (for US only): GRIZZI, lllaria
[IT/GB]; Cambridge Display Technology Limited, Green-
wich House, Madingley Rise, Madingley Road, Cambridge
CB3 OHJ (GB). LYON, Peter [GB/GB]; Cambridge Dis-
play Technology Limited, Greenwich House, Madingley
Rise, Madingley Road, Cambridge CB3 OHJ (GB).

(74) Agents: EVANS, Marc, Nigel et al.; Page White & Farrer,
54 Doughty Street, London WCIN 2LS (GB).

(81) Designated States (national): AE, AG, AL, AM, AT, AU,
AZ, BA, BB, BG, BR, BY, BZ, CA, CH, CN, CR, CU, CZ,
DE, DK, DM, DZ, EE, ES, FI, GB, GD, GE, GH, GM, HR,
HU, ID, IL, IN, IS, JP, KE, KG, KP, KR, KZ, L.C, LK, LR,
LS, LT, LU, LV, MA, MD, MG, MK, MN, MW, MX, MZ,
NO, NZ, PL, PT,RO, RU, SD, SE, SG, SI, SK, SL, TJ, TM,
TR, TT, TZ, UA, UG, US, UZ, VN, YU, ZA, ZW.

(84) Designated States (regional): ARIPO patent (GH, GM,
KE, LS, MW, MZ, SD, SL, SZ, TZ, UG, ZW), Eurasian
patent (AM, AZ, BY, KG, KZ, MD, RU, TJ, TM), European
patent (AT, BE, CH, CY, DE, DK, ES, FI, FR, GB, GR, IE,
IT, LU, MC, NL, PT, SE, TR), OAPI patent (BF, BJ, CF,
CG, CI, CM, GA, GN, GW, ML, MR, NE, SN, TD, TG).

Published:
with international search report

For two-letter codes and other abbreviations, refer to the "Guid-
ance Notes on Codes and Abbreviations” appearing at the begin-
ning of each regular issue of the PCT Gazette.

(54) Title: A FORMULATION FOR DEPOSITING A CONJUGATED POLYMER LAYER

(57) Abstract: A formulation for

L\\\\\\\\\\\\\xfB

depositing a polymer layer in the

6\_/

production of a light-emission device,
the formulation including a conjugated

] _p

4"////////

polymer dissolved in a solvent, the
solvent including a dialkyl- or trialkyl-

polymer layer on a substrate by an ink-jet method.

substituted aromatic hydrocarbon, at
2 least two of the alkyl substituents being
ortho to one another; and the use of
such formulation in the deposition of a
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A FORMULATION FOR DEPOSITING A CONJUGATED POLYMER LAYER

The ©present invention relates to a formulation for
depositing a conjugated polymer layer in a light-emissive
device (LED).

Light-emissive devices using as the light-emissive laver a
semiconductive conjugated polymer are known. Figure 1
shows the construction of a simple light-emissive device.
A glass or plastics substrate 2 is coated with an anode
layer 4, for example in the form of indium tin oxide. The
anode can be patterned in the form of elongate strips.
The anode layer may be coated with a hole transport layer.
A light-emissive polymer layer 6 is then deposited followed
by the deposition of an electron transport layer. The
device structure is then completed by the deposition of a
cathode layer 8. By way of example, the cathode layer can
be calcium or aluminium. The cathode layer 8 can be
patterned in crosswise strips to define pixels P where the
anode and cathode overlap. Alternatively with an
unpatterned cathode, light emissive strips can be defined.
Further alternatively, the pixels may be defined on an
active matrix back-plane and the cathode may be patterned
or unpatterned. When an electric field is applied between
the anode and cathode, holes and electrons are injected
into the light-emissive polymer layer 6. The holes and
electrons recombine in the polymer layer and a proportion

decay radiatively to generate light.

The hole transport layer can be comprised generally of any
compound capable of sustaining hole transport. Examples of
suitable materials are organic conductors such as the
following conducting polymers: polyaniline,
polyethylenedioxythiophene and other polythiophenes,
polypyrrole, etc. in their doped forms. Other alternative



WO 02/18513 PCT/GB01/00852

materials are conjugated polyamines and also low molecular

weight amines such as TPD.

The light-emissive layer may comprise any molecular or
polymeric compounds which are capable of sustaining charge
carrier transport and also capable of light emission under
device driving conditions. Examples include fluorescent
organic compounds and conjugated polymers such as Alqg3,
polyphenylenes and derivatives, polyfluorenes and
derivatives, polythiophenes and derivatives, polyphenylene
vinylenes and derivatives, polymers containing hetero-

aromatic rings, etc..

The electron transport layer may generally comprise any
material capable of sustaining electron  transport.
Examples inclﬁde perylene systems, Alg3, polyfluorenes or
polyfluorene copolymers, polymers containing heteroaromatic

rings, etc..

The device may contain any combination of the above layers

provided it includes at least one light-emissive layer.

OLEDs are described in US Patent No. 5,247,190 or in US
Patent No. 4,539,507, the contents of which are
incorporated herein by reference. In US 5,247,190 the
active organic layer is a light-emissive semiconductive
conjugated polymér and in US 4,539,507 the active organic

layer is a light-emissive sublimed molecular film.

Conventionally,. the polymer layer was typically deposited
by spin-coating or metered blade-coating a polymer solution
onto the anode and then either allowing the solvent to
evaporate at RTP, or driving off the solvent using heat
treatment and/or reduced pressure. The polymer was the
light-emissive polymer itself cast directly from solution,

or a precursor to the polymer, which is converted to the
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light-emissive polymer during a heat treatment step. The
polymer layer can comprise a blend of two or more
materials, such as a blend of two or more polymers.

The polymer layer(s) may also be deposited by supplying a
solution-processible material including the polymer through
a plurality of elongate bores, either through the effect of
gravity or under pressure or utilising the effect of
surface tension. This facilitates direct deposition or

patterning of the polymer films as required.

Deposition of the polymer layer(s) by means of an ink-jet
method is a particularly preferred technique. The ink-jet
method 1s described, for example, in EP0880303A1l, the

content of which is incorporated herein by reference.

It is desirable to use material formulations with which
thin polymer films exhibiting excellent emission uniformity

can be produced.

The present applicant’s own previous application
PCT/GB00/03349 discloses examples of formulations for
depositing conjugated polymers based on polyalkylated

benzenes such as cymene and isodurene.

It is also an aim of the present invention to provide
formulations that facilitate the direct deposition of
patterned polymer films. In particular, it is an aim of
the present invention to provide a formulation with which
conjugated polymer films that exhibit dimproved emission

uniformity can be deposited.

According to a first aspect of the present invention, there
is provided a formulation for depositing a polymer layer in
the production of a light-emissive device, the formulation

including a conjugated polymer dissolved in a solvent, the
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solvent including a dialkyl- or trialkyl- substituted
aromatic hydrocarbon, at least two of the alkyl

substituents being ortho to one another.

The solvent preferably includes one or more of 1,2-dimethyl
benzene, 1,2,3-trialkylbenzene and 1,2,4-trialkylbenzene.
1,2-dimethyl benzene and 1,2,3-trialkylbenzene are

particularly preferred.

According to a second aspect of the present invention,
there is provided a formulation for depositing a polymer
layer in the production of a light-emissive device, the
formulation including a conjugated polymer dissolved in a
solvent, the solvent including a trialkylbenzene.

According to a third aspect of the present invention there
is provided a method of depositing a polymer layer by
supplying a solution processible formulation according to
the first or second aspects of the p:esent‘invention via a

plurality of elongate bores onto a substrate.

According to a fourth aspect of the present invention,
there is provided a method of forming a polymer layer on a
substrate comprising the step of depositing a formulation
according to the first or second aspects of the present

invention on a substrate by an ink-jet method.

For the purposes of this application, the term “polymer”
includes homopolymers and - copolymers, and also includes
layers of polymer blends as well as layers of single
polymers; and the term “polymer layer” includes a layer of
relatively small dimensions, such as a layer having
dimensions corresponding to a single pixel in a pixelated

display, as well as layefs of larger dimensions.



WO 02/18513 PCT/GB01/00852

For the purposes of this application, the term ™“alkyl”
refers to linear or branched alkyl substituents having up

to 6 carbon atoms.

The resulting formulation preferably has a surface tension
in the range of 25 to 40mN/m at 20°C, a viscosity of 2 to
8cPs at 20°C, and a w/v polymer concentration of 0.25 to
1.5%, preferably 0.5 to 1%. A formulation having such
properties is particularly suited for deposition by ink-jet
printing. The formulation should also have a contact angle
appropriate for the substrate on which the deposition is
carried out. For example, in the case of a polyimide
substrate, the contact angle should be in the range of 30

to 60 degrees.

The formulation may include one or more additional typeé of
solvents provided that the resulting formulation has the
necessary fluid properties for the particular deposition
technique. The presence of even a relatively small
proportion of, for example, one or more trialkyl benzenes
in the - formulation can serve to improve the stability of
the formulation and/or +the fluld properties of the

formulation.

For the purposes of this application, the term conjugated
polymer refers to polymers, vincluding oligomers such as
dimers, trimers etc., which are fully conjugated (i.e. are
conjugated along the entire length of the polymer chain) or
are partially conjugated (i.e. which include non-conjugated

segments in addition to conjugated segments).

The polymer may have an average molecular weight in the
range of 10,000 to 500,000, more particularly in the range
of 10,000 to 300,000.
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The polymer may be a polymer suitable for use in a light-
emissive layer, a hole transport layer or an electron

transport layer in an organic light-emissive device.

In a preferred example, the conjugated polymer can be a
light-emissive polymer, hole transport polymer or electron
transport polymer itself, or a precursor to a light-
emissive polymer, hole transport ‘polymer or electron
transport polymer. The conjugated polymer or its precursor
can be any suitable polymer, and in particular can be any

one of the following:

a) conducting polymers such as polyaniline (PANI)
and derivatives, polythiophenes and derivatives,
polypyrrole and derivatives, polyethylene
dioxythiophene; doped forms of all these and
particularly polystyrene sulphonic acid-doped
polyethylene dioxythiophene (PEDT/PSS);

b) solution processible charge transporting and/or
luminescent/electro-luminescent polymers, preferably
conjugated polymers such as: polyphenylenes and
derivatives, polyphenylene vinylenes and derivatives,
polyfluorenes and derivatives, tri-aryl containing
polymers and derivatives, precursor polymers in
various forms, copolymers (including the above-named
polymer classes), generally random and block
copolymers, polymers with the active (charge
transporting and/or luminescent) species attached as
side-groups to the main chain, thiophenes and

derivatives, etc..

It is also envisaged that the present invention is also
applicable to formulations comprising other compounds such
as solution processible molecular compounds including

spiro-compounds, such as described for example in EP-A-
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0676461; and other inorganic compounds, e.g. solution-
processible organometallic precursor compounds to fabricate

insulators or conductors.

The conjugated polymer may, for example, comprise a
fluorene-based polymer, or a copolymer containing fluorene
units with other units such as triarylamihe units or
benzylthiadiazole (BT) units, or a blend of two or more of

such polymers.

For a better understanding of the invention and to show how
the same may be carried into effect, embodiments .of the
present invention are described hereunder, by way of
example only, with reference to the accompanying drawings

in which:

Figure 1 is a diagram of a light-emissive device;

Figure 2 is a diagram illustrating a method of depositing
various polymer layers; and

Figure 3 shows the structure of recurring wunits and

polymers used in the examples.

Figure 2 illustrates a deposition technique for depositing
a polymer layer 6 onto the patterned anode 4. A plurality
of elongate bores 10 are illustrated, each aligned with a

respective trough 8. The elongate bores 10 are connected
via a conduit 12 to a reservoir 14 holding the solution to
be deposited. The solution 1is supplied through the

elongate bores 10 under pressure or by gravity to deposit

the light emitting polymer layer 6.

Specific formulations according to the present invention

are discussed herebelow.
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Example 1

The first exemplified formulation is 1% w/v of a triblend
containing approximately 14 wt.% of a ternary polymer
containing fluorene (F8) units (shown in Figure 3a),
benzylthiadiazole (BT) units (shown in Figure 3b) and

X

triarylene units shown in Figure 3c, 56 wt.% of F8BT (shown
in Figure 3d) and 30wt.% TFB (shown in Figure 3e) in 1,2,4
trimethylbenzene. The resulting formulation had a
viscosity of 3.8cps at 20°C and a surface tension of 28mN/m
at 20°c.

Example 2

According to the second example, the formulation comprises
1% w/v of the triblend referred to in Example 1 in a
solvent mixture containing 20vol.% 1,2,4-trimethylbenzene
and 80vol.% xylene. The formulation had a solution
viscosity of 2.9cps at 20°C and a surface tension of 28mN/m
at 20°C.

A sample of the formulation was deposited on a substrate
and was vacuum dried. The PL efficiency of the thus
produced polymer layer was found to be 43%. Drying a layer
of the same formulation at 80°C for 13.5 hours resulted in

a polymer layer having a PL efficiency of 39%.

Example 3

According to a third example, the formulation comprises 1%
w/v of the triblend referred to in Example 1 in a solvent
mixture containing 50vol.% 1,2,4-trimethylbenzene and
50vol.%.xylene. The formulation had a solution viscosity

of 2.82cps at 20°C and a surface tension of 28mN/m at 20°C.
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The addition of the trimethyl Dbenzene is found to

significantly increase the stability of the formulation.

l,2-dimethyl benzene, 1,2,3-trimethylbenzene and 1,2,4-
trimethylbenzene were also found to be good solvents for a
fluorene~thiophene polymer having an average -molecular
weight of about 266, 000.
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A formulation for depositing a polymer layer in the
production of a light-emissive device, the
formulation including a cbnjugated polymer
dissolved in a solvent, the solvent including a
dialkyl- or trialkyl- substituted aromatic
hydrocarbon, at least two of the alkyl substituents

being ortho to one another.

A formulation according to claim 1 wherein the
solvent includes a dialkyl- or trialkyl-
substituted benzene, at least two of the alkyl

substituents being ortho to one another.

A formulation according to claim 1 or claim 2
wherein each alkyl substituent is independently a
Cl-C6 alkyl group.

A formulation according to claim 3 wherein each

alkyl substituent is a methyl group.

A formulation according to claim 4 wherein the

solvent includes 1,2-dimethylbenzene.

A formulation according to claim 4 wherein the

solvent includes 1,2,3-trimethylbenzene.

A formulation for depositing a polymer layer in the
production of a light-emissive device, the
formulafion including a conjugated polymer
dissolved in a solvent, the solvent including a

trialkylbenzene.
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11.

12.

13.

14.

15.
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A formulation according to claim 7 wherein the

solvent also includes xylene.

A formulation according to claim 8 wherein the
solvent comprises 20% to 100% by weight of a

trialkylbenzene and up to 80% by weight of xylene.

A formulation according to any preceding claim

wherein the conjugated polymer is a light-emissive

polymer.

A formulation according to any preceding claim
wherein the polymer includes a fluorene-based

polymer.

A formulation according to any preceding claim
wherein the polymer includes a polymer containing

fluorene and triarylamine units.

A formulation according to any preceding claim
wherein the polymer comprises a blend of a
fluorene-based polymer and a polymer containing

fluorene and triarylamine units.

A method of depositing a polymer layer by supplying
a solution processible formulation according to any
preceding claim via a plurality of elongate bores

onto a substrate.

A method of forming a polymer layer on a substrate
comprising the step of depositing a formulation
according to any preceding claim on a substrate by

ink-jet printing.
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16. The use of a formulation according to any preceding
claim in an ink-jet method of depositing a polymer
layer.
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